Introduction
Experimental and clinical studies increasingly focus on the nerve-mediated motor activity of the rectoanal region, due to growing social and health-related interest in disorders in the evacuation function. It is now accepted that recto-anal evacuation activity is a complex biological process involving the voluntary control of excretion as well as the autonomic innervation of the rectum and internal and external anal sphincters. The autonomic reflex pathways underlying the motility are known to be located in the gut wall and isolated preparations of the mammalian large intestine display motor activity [1] [2] [3] [4] .
Debate surrounds the functional role of the colonic and recto-anal reflex pathways that underlie the anal evacuation process. Functionally-different recto-anal excitatory [5] or inhibitory reflex pathways [3, [6] [7] [8] , as well as rectocolonic inhibitory [9] and colorectal stimulatory [10] reflex pathways, have been demonstrated in the mammalian rectum. The recto-anal function in the discrimination of gut content is mainly attributed to the enteric recto-anal reflex, which consists of rectal contraction and the internal relaxation of the anal sphincter. This demonstrates the importance of propulsion generated by the internal anal sphincter [11] [12] [13] . However, according to Bharucha (2006) both the internal and external anal sphincters are responsible for evacuative motion in the anal canal [14] .
Enteric nerve pathways form continuous overlapping networks. As small rings of the circular muscle can contract independently, the rings and the associated enteric neurons can be regarded as functional modules. The spatiotemporal coordination of the modules permits a rich repertoire of motor patterns [15, 16] . Although knowledge on the large intestine's reflex motility has advanced considerably, the role of local modules of nerve structures on motor activity in the circular axis of the recto-anal region remains undefined. In fact, we are not aware of any study that demonstrates correlations between the modular nerve networks and the dependent motor activity of the rectal muscles and anal sphincters.
In these experiments, we reexamined recto-anal motor activity using model preparations isolated from rats. Motor reflexes in the rat large intestine have scarcely been investigated [17] . We were particularly interested in how contractions and relaxations of the circular muscle of the rectum and anal canal are brought about by modules of the rectal and/or recto-anal nerve pathways. We evaluated the motor responses using the mechanographic on-line technique, a partitioned organ bath, electrical stimulation and balloon-induced distension.
Experimental Procedures
The experiments were carried out in the Laboratory of Peripheral Synapses of the Institute of Neurobiology, Bulgarian Academy of Sciences and were approved by the Ethics Committee of the Institute of Neurobiology.
Animals
Male rats, weighing 250-280 g, were starved overnight, stunned by a blow on the neck and decapitated. The abdominal cavity was opened and the anal canal with the rectum was removed and placed in Krebs solution. The extrinsic blood vessels and nerves along the mesenteric border were trimmed away. The segment consisting of the rectum and the anal canal, 21-25 mm in length, was isolated [18] .
Isolated preparations
Rings 2 mm in width were dissected perpendicular to the canal axis at the proximal, middle and distal parts of the rectum. The anal canal, 3-4 mm in width, was isolated from the rectum. The motor activity of the circular muscle rings, the anal canal or the internal anal sphincter (which was 1.5-2 mm in width after the external sphincter had been removed), was measured between two opposite sites on the ring circumference. To compare the motor activity of circular muscle with that of the longitudinal muscle, strips 2 mm in width and 18-20 mm in length were isolated from the rectum in the longitudinal axis. All preparations were stretched under an initial tension of 10 mN [19] . Motor activity in the isolated preparations was recorded using the computerized mechanographic on-line technique.
Partitioned organ bath method
We modified the partitioned organ bath method to measure the descending motor responses of the anal canal in an entire recto-anal preparation when either electrical stimulation or balloon distension were applied to the distal part of rectum [20] . The recto-anal preparation was placed in a flat organ bath divided in two compartments. The distal rectum (10-11 mm in length) was placed in the oral compartment and the anal canal was mounted in the anal compartment of the bath. The motor activity of the anal canal was measured between two opposite sides of the ring's circumference. The anal canal was stretched under an initial tension equivalent to 10 mN [21] . Strain gauges (Microtechna, Prague, Czech Republic), stimulators and amplifiers (Experimetria, Budapest, Hungary) and recorders (TZ 4620, Laboratorni pristroje, Prague, Czech Republic) were used to record motor responses.
Electrical stimulation
To excite the nerve structures, electrical field stimulation (EFS, [22] ) was applied by means of two platinum electrodes (0.45 mm thick) placed diametrically opposite along the sides of organ baths, or in the oral compartment of the partitioned organ bath at a separation of 14 mm. Rectangular pulses with a duration of 0.8 ms and voltage of 40 V were delivered at a frequency of 5 Hz for 20 s for an interval not less than 5 min [20] .
Balloon-induced distension
Balloon-induced distension of the distal part of the rectum of the recto-anal preparation was performed by a polyethylene balloon-tipped fine plastic tubule connected to a 1 ml micro-syringe. The size of the balloon, once inflated by Krebs solution via a stepwise, volume controlled inflation by 0.04-0.40 ml at 36.5°C, imitated the size of rat excrements (2.5-3.0 mm in diameter). The empty balloon was pushed into the lumen of the rectum and was inflated slowly for 30 s [23] .
Protocol design
The responses of the isolated rings of circular muscle of the rectum, internal anal sphincter and anal canal elicited by EFS were considered as 'modular motor responses' due to excitation of the local modules of nerve networks lying in the field of electrical stimulation.
The application of EFS or balloon-induced distension to the distal part of the rectum of the recto-anal preparation elicited motor responses in the non-stimulated anal canal. The later responses were considered 'descending motor responses' of the anal canal due to propagation of excitation via distally directed rectal reflex pathways.
The electrically-elicited or balloon inflation-induced motor responses were registered before and during drug treatment. Drugs were added to the organ bath when the responses of the isolated preparations were recorded and to the anal compartment of the partitioned bath in which the anal canal was placed when the motor responses of anal canal were registered. The drugs were administered for the following times: tetrodotoxin, 10 min; NG-nitro-Larginine, 15 min; L-arginine, 15 min; atropine, 15 min. When the drugs were added consecutively (atropine plus NG-nitro-L-arginine or atropine plus L-arginine) the time course of drug action was 30 min [21] .
Solutions and drugs
The composition of the modified Krebs solution was (mM): NaCl 120, KCl 5.9, NaHCO 3 15.4, NaH 2 PO 4 1.2, MgCl 2 1.2, CaCl 2 2.5; glucose 11.5. The solution was continuously aerated by 95% O 2 and 5% CO 2 (pH 7.2) at 36.5°C.
The chemicals were sourced from: tetrodotoxin -TTX, Sankyo, Zurich, Switzerland; NG-nitro-L-arginine (L-NNA) and L-arginine -Sigma Chemicals, St. Louis, MO, USA; atropine sulfate -Merck, Darmstadt, Germany. Chemicals were dissolved in distilled water, diluted to their final concentration in Krebs solution before use and administered in volumes not exciding 1% of bath volume. The stock solution of TTX was stored at -18°C.
Statistics
The spontaneous muscle tone of the preparations was used as a baseline against which the magnitude of motor responses was measured as force in mN. Data are presented as mean values ± s.e.m. obtained from at least 8 experiments. Statistical significance indicated in the text or in the figures was assessed by Student's 't' test for paired and unpaired data at P<0.05 (t≥2.3 at 8 experiments). Calculations were made using computer programs for pharmacological experiments.
Results
Irregular contractions characterized the spontaneous motor activity of isolated rings of the circular muscle and strips of the longitudinal muscle of rat rectum. The internal anal sphincter and the anal canal expressed rhythmic phasic contractions. The isolated preparations did not considerably change the activity tone for periods longer than 120 min.
Modular motor responses of circular preparations
Circular muscle rings were isolated from three locations in the rectum: proximally, 20 mm from the anal canal ( Figure 1A) ; medially, 10 mm from the anal canal ( Figure 2A) ; and distally, 2-3 mm from the anal canal ( Figure 1B ). The application of EFS to these rings elicited fast twitch-like contractile responses whose waveform was consistent between sampling locations. The modular contractions of the circular muscle rings increased by amplitude in the distal direction (n=18, P<0.05). The measurements taken at the aforementioned locations were 8.38±0.86 mN, Figure 1AB, 2A) .
The modular response of the internal anal sphincter induced by EFS was a short relaxation which declined during the application of electrical stimuli. The amplitude of the relaxation was 3.13±0.41 mN (n=10) ( Figure 3A) . L-NNA (0.5 mM) abolished the relaxation and provoked contraction. L-arginine (0.5 mM) and atropine (0.3 µM) extended the relaxation to 5.52±0.52 mN (n=8, P<0.05) and to 4.24±0.44 mN (n=8, P<0.05), respectively. In the presence of atropine L-NNA exerted contractile effects while L-arginine considerable increased the relaxation to 6.64±0.54 mN (n=8, P<0.05; Figure 3A) .
The anal canal responded to EFS with sustained contractions of 7.84±0.78 mN (n=13) (Figure 3B ). L-NNA (0.5 mM) increased the modular contractions of anal canal. L-arginine (0.5 mM) decreased the contractions to 5.52±0.62 mN (n=8, P<0.05) and induced a relaxation of 1.24±0.22 mN (n=8). Atropine (0.3 µM) significantly depressed the modular contractile responses of anal canal. During atropine treatment L-NNA increased the contractions whereas L-arginine inhibited the contractions and increased the relaxation more than two times being of 3.10±0.32 mN (n=9, P<0.05) ( Figure 3B ).
Motor responses of longitudinal muscle
Strips of longitudinal muscle isolated along the rectum contracted in response to EFS. The electrically-induced contractions of the longitudinal muscle strips reached a peak amplitude of 24.4±2.08 mN (n=19) ( Figure 2B ) and were significantly more pronounced than the modular motor responses of the circular muscle rings discussed above. The motor responses of longitudinal muscle strips were increased by L-NNA (0.5 mM) (32.26±1.12 mN, n=10, P<0.05) and decreased by L-arginine (0.5 mM) to 20.34±2.18 (n=8, P<0.05) and atropine (0.3 µM) to 6.35±1.08 mN (n=10, P<0.05). L-NNA enhanced atropine-changed contractions while L-arginine decreased these contractions to 4.38±0.28 mN (n=8, P<0.05) ( Figure 2B ).
Descending motor responses of anal canal
EFS applied to the distal part of the rectum in an entire recto-anal preparation elicited descending contractile responses in the anal canal with maximum amplitude of 5.24±0.34 mN (n=12). The descending contractions of the anal canal persisted during the period of electrical stimulation ( Figure 4A ). L-NNA (0.5 mM) significantly increased the electrically-elicited descending motor responses of the anal canal. L-arginine (0.5 mM) converted the contractions to responses consisting of initial contraction followed by relaxation of 1.82±0.14 mN (n=8). Atropine (0.3 µM) decreased the contractions further, without changing L-arginine-induced relaxation. L-NNA counteracted the effects of atropine as it increased the contractions to 7.24±0.42 mN (n=8, P<0.05) and prevented the appearance of relaxation. L-arginine showed opposite effects as it inhibited the atropinedecreased contractions and significantly increased the relaxations to 3.26±0.28 mN (n=9, P<0.05) ( Figure 4A ).
The distension of the distal rectum by a balloon inflated 3-5 mm anterior to the anal canal induced descending motor responses in the anal canal, consisting of a short initial contraction followed by a long-lasting deep relaxation for the duration of distension. The amplitudes of the contraction and the relaxation were 1.72±0.20 mN and 3.42±0.24 mN (n=10), respectively ( Figure 4B ). L-NNA (0.5 mM) enhanced the contractions and inhibited the relaxations to 1.06±0.14 mN (n=8, P<0.05). L-arginine (0.5 mM) decreased the contractions and extended the relaxations to 4.08±0.24 mN (n=8, P<0.05). The initial contraction of descending balloon inflation-induced responses was decreased by atropine (0.3 µM) while the relaxation was not changed. During atropine treatment L-NNA increased the contraction to 2.60±mN (n=8, P<0.05) and decreased the relaxation to 1.0±0.16 mN (n=9, P<0.05). L-arginine showed the opposite effect, increasing the relaxation to 4.72±0.34 mN (n=9, P<0.05) ( Figure 4B ). 
Effects of TTX
The modular motor responses of the isolated rings of circular muscle, the internal anal sphincter, the anal canal and longitudinal muscle strips, as well as the electrically-or distension-induced descending responses of anal canal, were not observed when TTX was added to the nutrient solution at a concentration of 0.1 µM (data not shown).
Discussion
The present electrically-elicited modular and electricallyor distension-induced descending reflex motor responses of recto-anal preparations isolated from rat were neurogenic in nature since they were prevented by TTX, a blocker of neuronal conductance.
The effects of electrical stimulation result from the propagation of action potential, causing local release of neurotransmitters, and could comprise stimulatory and/ or inhibitory components [22, 24] . Small rings of circular muscle from the rectum, with the associated enteric neurons that form functional modules [16] , contracted in response to electrical stimulation. The modular responses of the circular rings isolated from the different parts of rectum had a similar waveform, indicating the release of the same excitatory neurotransmitters. The amplitude of contractions increased along the rectum, suggesting a prevalence of excitatory neurotransmission(s) in the modular networks that supply the circular muscle of the distal rectum.
The electrical stimulation induced relaxation of the isolated internal anal sphincter. This finding is in agreement with data showing the relaxation as response of internal anal sphincter [25] [26] [27] . EFS elicited a contraction in the isolated anal canal. In spite of the inhibitory innervation to the internal anal sphincter, our observations indicate that excitatory neurotransmission(s) dominate and control the motor activity of anal canal as regarding the anal canal as a functional electrically-excited nerve-muscular module.
Electrical stimulation applied to the distal part of the rectum elicited descending contractile responses of the anal canal in entire recto-anal preparation where anatomical and functional integrity of recto-anal nerve pathways and anal sphincters was preserved. The amplitude of electrically-elicited descending responses of the anal canal was less expressed as compared to the electrically-induced modular responses. This observation is in agreement with the view that the propagation of electrically-evoked excitation in the nerve structures depends on the distance from the application of stimulation [28] .
The present results demonstrated that electricallyelicited modular responses of rat recto-anal preparations isolated as rings in circular axis were affected by nitric oxide-related drugs. L-NNA, an inhibitor of nitric oxide synthase, increased the contractions and the contractile components of the responses, and induced a contraction instead of relaxation in internal anal sphincter. L-arginine, a substrate of nitric oxide synthesis, decreased the contractile activity and extended the relaxations. The modular contractions of circular ring preparations and the contractile descending motor responses of the anal canal due to electrically-activated nerve structures were significantly depressed by atropine, thus demonstrating an essential role of the cholinergic system in the contractile activity in the circular axis of the recto-anal region. The impact of L-NNA and L-arginine on the electrically-induced rat recto-anal motority was the same whether or not atropine was present. These findings are in agreement with the view that nitric oxide can modulate intestinal neurotransmitter systems [16, 23, 27] including the cholinergic reflex pathways in the distal colon [1] . The electrically-induced contractile responses of the recto-anal preparations were decreased but not prevented by atropine, thus demonstrating a role of excitatory neurotransmitter(s), excluding the cholinergic one. Recent data suggest that non-adrenergic non-cholinergic neurotransmitter Substance P could be involved in the regulation of the motor activity of anal region. Substance P was proposed as exciting mediator of rat internal anal sphincter [29] and anal canal [30] .
The electrically-elicited contractions of the longitudinal muscle strips isolated along the rectum were more pronounced than the contractile responses of the circular rings. This finding could indicate an essential role of the longitudinal muscle in the rectum's contractile evacuation mechanisms. The involvement of the longitudinal and circular muscles in rectal contraction or relaxation events is not fully understood, and there is controversy regarding the propulsive function of the rectum as a conduit or as a reservoir [31] . It has been demonstrated that the contractile responses of longitudinal muscle increased from the colon to the rectum, showing a crescent contractility of this muscle in the rat colorectal-anal tube [18] . The contractile potency of both circular and longitudinal muscles and the lack of relaxation of the circular muscle observed herein indicate that the rectum serves as a conduit rather than a storage organ.
The distension-induced descending response of the anal canal was characterized by a short contraction followed by a deep relaxation, and is thus opposite in function to the electrically-elicited contractile descending response. The distension of the rectal wall was defined as factor leading to excitation of mechanoceptors. The recta of guinea pigs and cats possessed dense afferent mechanoceptor nerves, whose specialized intraganglionic laminal endings detect mechanical deformation and monitor the contraction level [32] [33] [34] . The rectal content, by stretching the rectal wall, could provoke the defecation reflex in humans [31] , and the relaxation of the internal anal sphincter, which has been attributed to nitric oxide [11, 27] . Obviously, the activation of mechanoceptor-dependent descending pathways located in the distal rectum could be responsible for the relaxation of the anal canal that we registered in rat recto-anal model preparation. We observed that, in the absence or presence of atropine, L-NNA increased the initial contraction and decreased the relaxation; while on the contrary, L-arginine depressed the contraction and extended the relaxation of anal canal: indicating that the nitrergic system contributed to the inhibitory descending reflex pathways in rat recto-anal tube. Inhibitory nitrergic neuro-neuronal and/or neuro-muscular communications are probably involved in the mechanisms of relaxation that ensure the propulsive capacity of the anal canal.
In conclusion, the present results suggest that excitatory neurotransmission(s) that are more expressed in the distal rectum dominate in the local modules of the nerve networks that underlie the motor activity in the circular axis of recto-anal region. Using the partitioned organ bath method, we were able to register motor responses in the anal canal that arose due to the electrically-or distension-induced activation of modular nerve networks in the distal rectum. We identified functionally-different descending reflex pathways are present in the recto-anal neuronal circuitry. Contractile activity is controlled by cholinergic pathways that are activated by electrically-induced excitation, whereas relaxation events are initiated by nitrergic pathways that respond to distension in the rectal wall.
